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INTRODUCTION 
Nuclear waste, spilled onto sediments at the Hanford Site, USA, interacted selectively 
with granitic clasts (feldspar), forming precipitates of uranyl silicate that occurred almost 
exclusively in microfractures within the clasts (McKinley et al., 2003). The waste was 
spilled in 1951 in a leak event from a storage-tank that totaled about 350 m3, dispersing 
over 7000 kg of uranium in an alkaline matrix of sodium carbonate, nitrate, phosphate 
and sulfate (Jones et al., 2000). Most or all of the waste was entrained beneath the 
“tank farm” where it originated, in the vadose zone, and where the uranium precipitated 
as a uranyl silicate phase, perhaps sodium boltwoodite. The uranyl silicate precipitates 
were found to be discreetly distributed as minute, generally 1 to 3 µm across in either 
radiating or parallel arrays in intraparticle microfractures of a few microns width and 
variable connectivity to particle surfaces (Fig. 1) (Liu et al., 2003). These microscopic 
observations suggested the potential importance of diffusive mass transport in uranium 
removal from waste plumes and concentration within particle grains and future 
dissolution and remobilization to the groundwater mobile regions in the sediments. 
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Figure 1. Back-scattered-electron SEM images showing intraparticle uranium 
distribution within a plagioclase feldspar grain. Electron dense U(VI) precipitates appear 
white in the images. Left image shows U(VI) crystallites that are aligned in parallel with 
cleavages on an intraparticle surface that was obtained by pressure-splitting the 
feldspar grain along a microfracture plane. Right image shows U(VI) precipitates within 
microfractures in a thin section that was perpendicular to the plane surface in the left 
image. 
 
 
EXPERIMENTAL PROCEDURES 
The porosity, tortuosity, and diffusivity within sediment particles that were from both 
contaminated and uncontaminated core samples were determined using scanning 
electron microscopy (SEM) and nuclear magnetic resonance (NMR) techniques. The 
thermodynamic and kinetic behavior of the uranyl precipitates were studied using 
synthetic and natural sediments containing uranyl precipitates in electrolytes of Na, Na-
Ca, NH4 in different pH and ambient CO2 pressure. X-ray diffraction (XRD), laser-
induced fluorescence spectroscopy (LIFS), SEM, X-ray microprobe (XRM) and X-ray 
photon spectroscopy (XPS) were used to determine microscopic changes during 
thermodynamic and kinetic measurements of uranyl precipitates. 
 
MODEL DEVELOPMENT 
A multicomponent reactive ion diffusion model was developed to describe species 
diffusion and reactions within microfractures of particle grains. The aqueous complex 
species were calculated using an equilibrium speciation code applicable at high ionic 
strength (Felmy, 1995). The model was numerically solved through iteration between 
reactive diffusion and speciation calculations. 
 
RESULTS AND DISCUSSION 
The intraparticle porosity of the feldspar grains that were the host of uranyl precipitates 
was small (about 0.1%) determined from SEM images. The small intraparticle porosity 
posed a challenge to measure the intraparticle diffusivity and tortuosity using traditional 
tracer displacement approaches. Here we developed a NMR technique that 
magnetically labels H2O as tracer molecules within intraparticle regions and measures 
their diffusion rates. The influence from surface-bound H2O was suppressed by NMR 
filtering. The results showed that the H2O diffusivity within intraparticle regions was a 
function of diffusion time and reached an asymptotic state after about 10 seconds. The 
asymptotic diffusivity was about one order of magnitude lower compared with that in 
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free water. The apparent tortuosity was calculated as a ratio of the asymptotic diffusivity 
to the diffusivity in free water. The apparent diffusivities for other species were 
estimated from their diffusivities in free H2O corrected by the tortuosity. 
 
The solubility of the intraparticle uranyl precipitates was close to Na-boltwoodite, 
consistent with spectroscopic measurements. The dissolution rate and extent of the 
uranyl precipitates increased with increasing carbonate concentration. The rate was 
initially fast, but decreased with time as the solubility equilibrium was attained and 
diffusive mass transfer became rate-limiting. Spectroscopic changes of the uranyl 
precipitates during the dissolution experiments were negligible. A kinetic model that 
incorporates the influence of carbonate and solubility based on surface coordination 
chemistry was proposed for the dissolution of the intraparticle uranyl precipitates and 
were successfully tested against independent dissolution experiments using synthetic 
Na-boltwoodite. 
 
Simulations using multicomponent ion diffusion model with transport parameters and 
tank waste compositions estimated independently indicated that the restricted diffusive 
mass transfer generated a thermodynamically favorable condition during waste 
sediment interactions for Na-boltwoodite precipitation and concentration in micro-
fractures within feldspar particle grains. The calculations were consistent with the 
microscopic observations that uranyl precipitates were scarcely on the surface of 
sediment particles and more abundant inside particle grains. The multicomponent ion 
diffusion model also indicated that the dissolution rates of uranyl precipitates from the 
sediment grain microfractures was limited by the intraparticle ion diffusion. Model 
calculations indicated that 50-95% of the precipitated uranium was associated with 
microfractures that were in close contact with the aqueous phase. The remainder of the 
uranium was deeply imbedded in particle interiors and exhibited effective diffusivities 
that were over three orders of magnitude lower. 
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